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http://dx.doi.org/10.1016/j.jds.2015.0
1991-7902/Copyrightª 2015, AssociatioAbstract The purpose of this study was to determine the cytotoxicity of the zinc-oxide
eugenol-based root-canal sealer Canals on murine immortalized cementoblast cell line.
Cytotoxicity judged by the alamarBlue assay demonstrated that Canals exhibited cytotoxicity
to cementoblasts in a dose-dependent manner (P < 0.05). The apoptotic cell death via caspase
activation was evaluated by fluorometric assay. Canals was found to stimulate caspase-3, -8,
and -9 activities in a dose-dependent manner (P < 0.05). In summary, the cytotoxicity of
Canals occurs through apoptosis by the activation of caspases in cementoblasts.
Copyright ª 2015, Association for Dental Sciences of the Republic of China. Published by
Elsevier Taiwan LLC. All rights reserved.Introduction
Ideally, root-canal sealers should be biocompatible. They
should also be well tolerated with periradicular tissues.
Cementoblasts not only function as support cells for
periodontium, but also control the development, mainte-
nance, and regeneration of periodontal tissues. However,
little is known about the cytotoxicity of root-canal sealers
in cementoblasts.entistry, Chung Shan Medical
uo North Road, Taichung,
(Y.-C. Chang).
4.001
n for Dental Sciences of the RepubThe aim of this investigation was to evaluate the
cytotoxicity of elutes of the zinc-oxide eugenol-based
sealer Canals on murine immortalized cementoblast cell
line (OCCM.30). The cytotoxicity was judged using the
alamarBlue assay. The apoptotic cell death via caspase
activation was evaluated by fluorometric assay.
Materials and methods
Elutes of sample preparation
The zinc-oxide eugenol-based root-canal sealer Canals
(Showa, Tokyo, Japan) was fabricated in sterile cylindricallic of China. Published by Elsevier Taiwan LLC. All rights reserved.
Caspases activation by zinc-oxide eugenol sealer 339glass molds 5 mm in height and 5 mm in diameter. Samples
were weighed, and then extracted in 20 mL of the culture
medium. Extraction was performed in an atmosphere of 5%
CO2 and 95% air at 37
C for 1 day. All extracts were filtered
for sterilization. Subsequently, various dilutions (1/2, 1/4,
and 1/8) of these extraction media were prepared for this
study.Cell cultures
The immortalized murine cementoblasts (OCCM.30) were
graciously provided by Dr. Somerman’s laboratory (Univer-
sity of Washington, Seattle, WA, USA).1 Cells were grown in
Dulbecco’s modified Eagle’s medium (Gibco BRL, Gaithers-
burg, MD, USA), supplemented with 10% fetal calf serum
and antibiotics (Gibco BRL). The cultures were maintained
at 37C in a humidified atmosphere of 5% CO2 and 95% air.
The confluent cells were treated with 0.25% trypsin and
0.05% EDTA for 5 minutes.Cytotoxicity assay
The alamarBlue assay is used for monitoring cell viability
based on the reduction of tetrazolium salts by the mito-
chondrial cytochrome oxidase system.2 Cells (2  104 cells
per well) were seeded into 96-well culture plates for
24 hours. The culture medium was replaced with fresh
Dulbecco’s modified Eagle’s medium with various elutes (1/
2, 1/4, and 1/8) of Canals. Trypsinization was performed
after 24-hour incubation period, 25 mL of the alamarBlue
dye (BUF012A/B alamarBlue, AbD Serotec, Oxford, UK) was
added to each well for 2 hours at 37C. One hundred mi-
croliters of the solution in each well was transferred to a
96-well tissue-culture plate. The plates were read using a
plate reader (Metertech Co., Taipei, Taiwan) at 570 nm
with a reference wavelength of 600 nm. Cell viability was
represented in terms of optical density expressed as per-
centage of alamarBlue absorbance.Figure 1 Cytotoxicity of various dilutions of Canals on
cementoblasts as measured by the alamarBlue assay. Data are
expressed as mean  standard deviation. *P < 0.05 compared
with control values.Caspase activity
Caspase activity was assayed with a caspase fluorometric
assay kit (ALEXIS Biochemicals, Enzo Life Sciences, Ply-
mouth Meeting, PA, USA).3 Briefly, 1  105 cells were
cultured in six-well plates and treated with various elutes
(1/2, 1/4, and 1/8) of Canals for 24 hours. The cells were
then harvested, washed twice with cold phosphate-
buffered saline, and resuspended with cell lysis buffer
following the instructions provided with the assay kit. The
protein concentrations of the cell lysates were determined
using the Bio-Rad protein assay (Bio-Rad Laboratories,
Berkeley, CA, USA), and 100 mg of the total protein from
each sample was mixed with a reaction buffer containing
the caspase-3, -8, and -9 fluorogenic substrates, which are
DEVD-AFC, IETD-AFC and LEHD-AFC. The samples were
incubated for 1 hour at 37C, and the results were obtained
using a fluorescence microplate reader (Molecular Devices,
Sunnyvale, CA, USA) at excitation/emission wavelengths
of 400 nm/505 nm. The caspase activity expressed as arelative fluorescence unit (RFU) was measured using the
fluorescence microplate reader.
Statistical analysis
Triplicate experiments were performed throughout this
study. All assays were repeated three times to ensure
reproducibility. The significance of the results obtained
from the control and treated groups was statistically
analyzed by paired Student t test.
Results
Canals exhibited cytotoxicity to OCCM.30 cells (Figure 1).
The cytotoxic effect demonstrated a dose-dependent
manner (P < 0.05). The 50% inhibition concentration of
Canals was about 1/4 dilution.
As shown in Figure 2, Canals stimulated caspase-3, -8,
and -9 activities in a concentration-dependent manner
(P < 0.05). The amount of caspase-3 at the dilutions
(control, 1/8, 1/4, and 1/2) of Canals was 180 RFU, 200
RFU, 354 RFU, and 394 RFU, respectively. The amount of
caspase-8 at the dilutions (control, 1/8, 1/4, and 1/2) of
Canals was 251 RFU, 327 RFU, 504 RFU, and 528 RFU,
respectively. The amount of caspase-9 at the dilutions
(control, 1/8, 1/4, and 1/2) of Canals was 312 RFU, 386
RFU, 1199 RFU, and 1232 RFU, respectively.
Discussion
In this study, Canals exhibited cytotoxicity to cemento-
blasts. Previous studies have shown that Canals is a cyto-
toxic agent to Chinese hamster lung fibroblast V79,46
human buccal mucosa fibroblasts,4 gingival fibroblasts,4
periodontal ligament fibroblasts,6 and osteoblastic cell
U2OS.7,8 These have clearly shown the cytotoxic nature of
Canals. In addition, the cytotoxicity of Canals is not cell-
type specific.
Figure 2 Caspase activities induced by various dilutions of
Canals as compared with control. Data are expressed as
mean  standard deviation. *P < 0.05 compared with control
values.
340 F.-M. Huang et alCaspases (cysteine-aspartic proteases) are proteolytic
enzymes largely known for their role in controlling cell
death and inflammation. Caspase-3 is a central player in
the orchestration of apoptotic cell death.9 Caspase-8 is an
initiator of death-receptor-induced apoptosis.9 Caspase-9 is
the initiator of the mitochondrial apoptotic pathway.9 To
the best of our knowledge, Canals was first found to stim-
ulate caspase-3, -8, and -9 activities in cementoblasts.
Taken together, Canals-induced cell death may be via
caspase apoptotic pathway.
How the activation of caspases by Canals contributes to
apoptosis is not clear. Recently, eugenol, the main
component of Canals, was reported to induce apoptosis in
human glioblastoma cell DBTRG-05MG through activating
caspase-9/caspase-3.10 However, Western blot to show the
cleavage of each caspase is necessary for further docu-
mentation. In addition, other signal pathways of apoptosis
should be clarified in further studies.
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